Hyndman KA, Bugaj V, Mironova E, Stockand JD, Pollock JS. NOS1-dependent negative feedback regulation of the epithelial sodium channel in the collecting duct. Am J Physiol Renal Physiol 308: F244 -F251, 2015. First published November 12, 2014 doi:10.1152/ajprenal.00596.2013.-With an increase in urine flow there is a significant increase in shear stress against the renal epithelium including the inner medullary collecting duct, resulting in an increase in nitric oxide (NO) production. The mechanisms of the shear stress-mediated increases in NO are undetermined. Previous studies found that shear stress increases epithelial sodium channel (ENaC) open probability and endothelin (ET)-1 production in an ENaCdependent mechanism in the collecting duct (CD). Given that ET-1 stimulates NO production in the CD, we hypothesized that shear stress-induced NO production is downstream of shear stress-induced ENaC activation and ET-1 production in a negative feedback loop. We determined that nitric oxide synthase 1 (NOS1) and NOS3 contribute to shear stress-mediated NO production in the CD, that is attenuated by low doses of the ENaC inhibitors amiloride and benzamil. Moreover, ET B receptor blockade significantly blunted the shear stress-mediated NO production. We further elucidated whether mice lacking NOS1 in the collecting duct (CDNOS1KO) have an impaired renal ET-1 system in the CD. Although urinary ET-1 production and inner medullary ET receptor expression were similar between flox control and CDNOS1KO mice, acute ET-1 treatment significantly reduced ENaC open probability in CDs from flox mice but not CDNOS1KO mice compared with basal. Basal ENaC activity in CDs was similar between the genotypes. We conclude that during acute shear stress across the CD, ENaC acts in a negative feedback loop to stimulate NO production in an ET B/NOS1-dependent manner resulting in a decrease in ENaC open probability and promoting natriuresis. collecting duct; epithelial sodium channel; nitric oxide; nitric oxide synthase NITRIC OXIDE (NO) is a natriuretic and diuretic factor and is produced by the NO synthase (NOS) family of enzymes. In the kidney, medullary collecting ducts (MCDs) have the highest total NOS activity (37) and express NOS1 and NOS3 (23). NOS1 mRNA can undergo alternative splicing (3, 25). The mouse inner medullary collecting duct (IMCD) expresses predominantly the NOS1␤ splice variant (130 kDa) (10, 11, 13, 14) . We recently developed a CD, principal cell-specific NOS1 knockout (CDNOS1KO) mouse that deleted all NOS1 splice variants from only the CD (10). When these mice are challenged with a high-sodium diet, they excrete less sodium and water and present with a salt-sensitive blood pressure phenotype (10). These data indicate that CD NOS1 is integral in fluid-electrolyte balance, and we hypothesized this is due to direct actions of NO on CD ion and water transport processes. However, the specific cellular mechanisms are yet to be elucidated.
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With an increase in fluid flow across the tubular epithelium, there is an increase in shear stress. The CD, in particular the IMCD, can experience a 10-fold increase in shear during high-sodium/high-water consumption compared with normalsodium/normal-water intake (6) . An increase in shear stress causes a significant increase in IMCD NO production (6) . Moreover, an increase in shear stress across the cortical CDs (CCD) leads to an increase in endothelin-1 (ET-1) mRNA (22) . The IMCD is also the highest producer of ET-1 (17) and has high ET receptor expression (21) . Studies have determined that ET-1 stimulates NO production in the CD via the ET B receptor (11, 34) . Recently, it was determined that sodium delivery and shear stress across the CCD synergistically increase ET-1 production and this is mediated by epithelial sodium channel (ENaC) activity (27) . ENaC is expressed in the apical membrane of the CD and it regulates sodium reabsorption. Previous work in the rabbit CD determined that shear stress increases ENaC open probability (P o ) (24) , suggesting that there is an increase in sodium reabsorption. Moreover, microcatheterization studies of the MCD determined that during extracellular fluid expansion by either water loading or potassium chloride loading led to a significant increase in sodium load delivery to the MCD and there is significant increase in sodium reabsorption that was linearly load dependent (7) . From these studies, it was concluded that the MCD reabsorbs 80 -96% of the NaCl delivered (7). However, if CD transport processes can be inhibited for example by atrial natriuretic peptides, there is a two-to threefold increase in load to the MCD but a 5-to 17-fold increase in natriuresis (7, 31) . Thus, the CD is integral in regulating natriuresis through inhibition of CD sodium transport processes, and this is critical during times when the body needs to excrete excess sodium such as high dietary sodium intake. Interestingly, ET-1 inhibits ENaC P o (5). ENaC is necessary to initiate the cascade that stimulates ET-1 production in high shear conditions and ET-1 acts in a negative feedback manner to inhibit ENaC P o and promote natriuresis. We hypothesized that shear stress-induced increases in CD NO are also mediated via an ENaC-dependent mechanism (Fig. 1) .
In CD ET B receptor knockout (CDETBKO) mice, which display a salt-sensitive blood pressure phenotype, ENaC activity was enhanced compared with littermate control mice (4) . Moreover, acute ET-1 stimulation resulted in a decrease in ENaC P o in CCD from control mice, but CDETBKO mice were unresponsive to the treatment (4). These data indicate that ET-1 activation of the ET B receptor leads to inhibition of ENaC activity. Given the interactions between the ET-1/ET B pathway and the NOS1/NO pathway in the CD, we further hypothesized that CDNOS1KO mice will lack the ET-1-mediated inhibition of ENaC.
The aims of this study were to elucidate the mechanisms of the shear stress-mediated NO response, and the role of CD NOS1 in modulating the CD ET system and ENaC activation. We determined that CD NOS1 is integral in the shear-mediated NO response and is stimulated via an ENaC-and ET B -dependent mechanism. Moreover, mice lacking CD NOS1 have an intact renal ET-1 and ET receptor system but an impaired ENaC response to acute ET-1 stimulation, suggesting that CD NOS1 is critical for the ET-1-dependent decrease in ENaC P o .
MATERIALS AND METHODS
Shear stress. Once confluent in a 100-mm cell culture dish, the mouse IMCD segment 3 cells (mIMCD-3; ATCC, Manasseas, VA) were split 1/10 and seeded on nitric acid (30% in water)-etched glass slides (3" ϫ 1" premium glass slides, Fisher Scientific, Waltham, MA) in 100-mm cell culture dishes. Cells were grown to confluency and serum starved overnight before experimentation. The rectangular flow apparatus was purchased from Glycotech (Gaithersburg, MD) and connected via Tygon tubing (Cole ParmerVernon Hills, IL) to an Ismatec pump (Glattbrugg, Switzerland). To generate shear stress, Hank's buffered salt solution (HBSS) with final concentrations of 250 M L-arginine and 20 U/ml superoxide dismutase was pumped to produce a "low" shear of 3 dyn/cm 2 or "high" shear of 30 dyn/cm 2 for 1 h. These shear stresses were based on our previous study that determined this high shear maximally stimulated NO production and is similar to the calculated shear stress the IMCD experiences in vivo during high urine flow (6) . Samples were taken from the reservoir at 15-min intervals or after 1 h of shear. For static (control) conditions, the remainder of the cells in the 100-mm plate was used.
Cells were pretreated for 30 min with vehicle (0.1% DMSO), 100 nM 1400W dihydrochloride to selectively inhibit NOS2 (Cayman Chemical, Ann Arbor, MI), 1 M vinyl-L-NIO hydrochloride (VNIO) to selectively inhibit NOS1 (Cayman Chemical), or 1 mM L-N Gnitroarginine methyl ester (L-NAME) to inhibit all NOS isoforms. Then, the HBSS was removed and replaced with fresh HBSS ϩ inhibitors for the 1-h collection period. Based on the percent inhibition, we calculated the percent contribution of each NOS isoform to the shear stress-induced nitrite production.
To block the endothelin A receptor, BQ123 (dissolved in DMSO, final concentration in study 0.1%) was given at 1 M 30 min before and during experimentation. To inhibit the endothelin B receptor, BQ788 (in DMSO) was given 30 min before experimentation at 1 M, which we previously determined to maximally inhibit ET-1-mediated stimulation of IMCD nitrite production (11) . To inhibit ENaC, cells were pretreated for 30 min with either 1 M amiloride or 0.2 M benzamil (initially dissolved in water). Cells were subjected to shear stress for 1 h and nitrite was measured using HPLC as previously described (10, 11, 13 . For all mouse studies, only male mice, ages 12-16 wk of age, with average masses of 26.5 Ϯ 0.93 g for flox control and 26.9 Ϯ 2.0 g for the CDNOS1KO mice were utilized . For collection of urine, mice were housed individually in metabolic cages as previously described (10) .
Isolated, split-open CD preparation. Isolation of CDs suitable for electrophysiology has been described (4, 5) . ENaC activity in principal cells of murine CDs was quantified in cell-attached patches of the apical membrane made under voltage-clamp conditions (ϪVp ϭ Ϫ60 mV) using standard procedures (4, 5) . As recording of the current tracings continued, 20 nM ET-1 was applied to the preparation, and the number of channels (n) and Po were determined as described in detail elsewhere (4, 5) .
Urinary ET-1 excretion. ET-1 was measured in neat urine samples by radioimmunoassay (Peninsula Laboratories, San Carlos, CA) and excretion was expressed as picograms per day.
Endothelin receptor binding. As previously described (18, 19, 35) , receptor binding curves were generated to determine binding of ETA and ETB receptors in the IMCD membrane preparations of IM from flox and CDNOS1KO mice.
Quantitative real-time PCR. Total RNA was extracted from inner medullas or cortical samples of Flox and CDNOS1KO mice using Tri-Reagent following the manufacturer's instructions (Sigma). RNA (5 g) was reverse transcribed using Invitrogen's superscript III RT-Kit and relative quantitative expression of EDN1, EDNRA, EDNRB, endothelin-converting enzyme-1 (ECE1), and EDN3 were determined using Biorad's (Carlsbad, CA) SoAdvanced Universal SYBR Green Supermix and commercially available primers from Qiagen (Valencia, CA).
Statistical analysis. Data are reported as means Ϯ SE. To determine the effect of shear stress on nitrite production, a repeatedmeasures, two-factor ANOVA (time and shear) was performed. For all other shear stress experiments, two-factor ANOVA (for treatment and shear) was completed. Differences between ENaC Po for flox control and CDNOS1KO with and without ET-1 were determined with a two-factor ANOVA. For the endothelin receptor binding assays, Bmax and Kd were calculated by nonlinear regression, assuming one binding site the least square fitting method (Prism, v6.0e, La Jolla, CA). As previously described (19) , to calculate the expression of ETA and ETB, the Bmax for ET-3 binding represents ETB receptor binding and the difference between the B max for the ET-1 binding and ET-3 binding represents ET A receptor binding. The ET-1 excretion was compared with unpaired t-test. The criterion for significance was P Յ 0.05. Figure 1 outlines the hypothetical scheme guiding this study and shows the points of intervention to test our hypothesis.
RESULTS

Experimental design.
Regulation of shear stress-mediated increases in NO. mIMCD-3 cells express ENaC (8) . To determine whether ENaC is part of the cascade leading to the shear stressmediated increase in NO, we inhibited ENaC with 1 M amiloride or 0.2 M benzamil under low (3 dyn/cm 2 ) and high (30 dyn/cm 2 ) shear stress. Inhibition of ENaC with benzamil prevented the 30 dyn/cm 2 (high shear) shear-mediated increase in nitrite production (n ϭ 4 -8, P ϭ 0.025) without any significant effect on nitrite production under static conditions ( Fig. 2A) . Likewise, inhibition of ENaC with amiloride also prevented the high shear-mediated increases in nitrite (static ϭ 1.0 Ϯ 0.4 pmol·mg pr Ϫ1 ·h Ϫ1 , 30 dyn/cm 2 ϭ 1.19 Ϯ 0.2 pmol·mg pr Ϫ1 ·h Ϫ1 , P Ͼ 0.05). We further tested whether ENaC inhibition prevented a lower shear stress-mediated NO. Cells subjected to 3 dyn/cm 2 for 1 h produced twice as much nitrite as static cells (Fig. 2A) ; however, inhibition of ENaC with benzamil did not prevent the 3-dyn/cm 2 -mediated increase in nitrite production ( Fig. 2A , n ϭ 8, P Ͼ 0.05). Given this finding, the remainder of our experiments was conducted using a high shear of 30 dyn/cm 2 for 1 h. Under static and shear stress conditions, mIMCD-3 nitrite production can be partially inhibited by acute ET B receptor blockade with BQ788, but not with acute ET A receptor block- 2 M) blunted the shear stress-mediated increase in mIMCD-3 nitrite under high shear stress (n ϭ 4 -8, P ϭ 0.025). Benzamil did not prevent the shear stress-mediated increase in nitrite under low shear stress, and there was no significant effect under static conditions (n ϭ 4 -8, P Ͼ 0.5). *Represents a significant increase compared with the corresponding static condition. †Represents a significant difference from the corresponding low shear stress group. ‡Represents significant difference between vehicle and benzamil groups with high shear. B: pretreatment for 30 min with the ETB antagonist BQ788 (1 M), but not the ETA antagonist BQ123 (1 M), reduced nitrite production in static conditions and blunted the high shear stress increase in nitrite production. ETB receptor blockade and inhibition of nitric oxide synthase (NOS)1 with 1 M VNIO abolished the shear stress-mediated increase in nitrite (n ϭ 5, *P Ͻ 0.05 compared with vehicle static, †P Ͻ 0.05 compared with corresponding vehicle). C: NOS inhibitors were given for 30 min before sample collection. Inhibition of NOS2 by 100 nM 1400W had no significant effect on static or high shear stress-mediated nitrite production; however, NOS1 inhibition by 1 M VNIO significantly blunted static and shear stress-mediated NO production. Inhibition of total NOS by 1 mM L-NAME significantly reduced nitrite production in static and high shear conditions (n ϭ 5-11, P Ͻ 0.05). *Represents a significant increase compared with the corresponding static condition. †Represents a significant difference from the corresponding vehicle group. D: % contribution of NOS1, NOS2, and NOS3 on nitrite production under static and shear stress conditions. ade (BQ123) (Fig. 2B) . BQ788 reduced nitrite production in static cells by 30% and shear stress cells by 55%. BQ123 tended to increase shear stress-mediated nitrite production compared with vehicle (n ϭ 6, P ϭ 0.078). Combined BQ788 and VNIO treatment reduced nitrite production in static cells by 32% and abolished the shear stress-induced nitrite production (Fig. 2B) .
Under static conditions, 1400W (a selective NOS2 inhibitor) did not significantly affect nitrite production; however, VNIO (a selective NOS1 inhibitor) and L-NAME (inhibitor of all NOS isoforms) significantly reduced nitrite production (n ϭ 5-11, P Ͻ 0.05; Fig. 2C ). Similar results were found under shear conditions, with no significant effect of 1400W (P Ͼ 0.05), but a significant reduction in nitrite in the VNIO and L-NAME cells (n ϭ 5-10, P Ͻ 0.05; Fig. 2C ). From these data, we calculated that in static conditions ϳ80% of the nitrite is derived from NOS1 (Fig. 2D) . While under shear conditions, there is a 360% increase in NOS1-derived NO, and a 171% increase in NOS3-derived NO (Fig. 2D) .
ENaC activity in flox and CDNOS1KO mice. We determined whether principal cell NOS1 was necessary for the ET-1-dependent inhibition of ENaC activity by using patch-clamp electrophysiology. Table 1 reports the resting activity of ENaC in principal cells in isolated, split-open CCD isolated from flox control and CDNOS1KO mice maintained with a normalsodium diet. Before acute 20 nM ET-1 treatment, ENaC activity was not different between genotypes, as there were equal open P o and number of channels (n) in the patches. Representative current traces of ENaC in flox control and CDNOS1KO mice before and after acute treatment with 20 nM ET-1 are shown in Fig. 3, A-B . Summarized results of the effects of ET-1 on the P o of ENaC in principal cells from control and CDNOS1KO mice are shown in Fig. 3 , C-D. Consistent with our previous findings (5), ET-1 significantly decreases the P o of ENaC in principal cells from flox control mice. In contrast, ET-1 is without effect on the P o of ENaC in CDNOS1KO mice (Fig. 3, C-D) . Moreover, the activity of ENaC in principal cells from CDNOS1KO mice in the presence of ET-1 is significantly greater than that in control mice treated with ET-1. These results demonstrate that normal expression and function of NOS1 in principal cells are required for ET-1 inhibition of ENaC.
Endothelin excretion and EDN1, EDNR mRNA expression in the kidney. Urinary ET-1 excretion is a measure of renal ET-1 production (1, 30). To determine whether CD NOS1 is integral in renal ET-1 production, urinary ET-1 excretion from CDNOS1KO and flox mice was determined. On a standard chow diet with normal sodium, flox and CDNOS1KO mice excrete similar amounts of ET-1 (n ϭ 10, P ϭ 0.65; Fig. 4A ). EDN1 (prepro-EDN1), EDNRA, and ENDRB mRNA expression was determined in the renal cortex and inner medulla of flox and CDNOS1KO mice on a normal-salt diet. There were no statistically significant differences between flox and CDNOS1KO mice for cortical mRNA expression of EDN1 (flox ϭ 1.0 Ϯ 0.4 AU vs. CDNOS1KO ϭ 1.0 Ϯ 0.3 AU), EDNRA (flox ϭ 1.0 Ϯ 0.2 AU vs. CDNOS1KO ϭ 1.0 Ϯ 0.1 AU), or EDNRB (flox ϭ 1.0 Ϯ 0.4 AU vs. CDNOS1KO ϭ 0.9 Ϯ 0.3 AU). Likewise, EDN1, EDNRA, EDNRB, ECE1, or EDN3 mRNA expression were not significantly different in inner medullary tissue from flox and CDNOS1KO mice (Fig. 4,  B-E) .
Endothelin receptor binding analysis. To determine whether deletion of CD NOS1 alters inner medullary membrane expression of ET receptors, radioligand binding assays were performed. Flox control mice and CDNOS1KO had similar specific binding of ET-1 curves (Fig. 5A) . The B max and K d were 590 Ϯ 120 fmol/mg protein and 0.075 Ϯ 0.05 nM, respectively, for the flox mice (n ϭ 6). The CDNOS1KO mice had a B max of 546 Ϯ 95 fmol/mg protein and a K d of 0.11 Ϯ 0.05 nM (n ϭ 6; Fig. 5A ). Flox and CDNOS1KO mice also had similar ET-3-specific binding curves (Fig. 5B) . The flox control mice and CDNOS1KO mice had similar B max (453 Ϯ 49 and 470 Ϯ 52 fmol/mg protein, n ϭ 6, P Ͼ 0.05) and K d values (0.06 Ϯ 0.03 and 0.08 Ϯ 0.03 nM; Fig. 5B ). These mice express ϳ20% ET A receptors and ϳ80% ET B receptors in the inner medulla, regardless of genotype (Fig. 5C ).
DISCUSSION
Three major findings were elucidated in this study. First, increased acute shear stress against the IMCD epithelium increases NOS1-and NOS3-derived NO production that is dependent on ENaC. Second, deletion of NOS1 in the CD results in an inappropriate maintenance of CCD ENaC activation after ET-1 stimulation. These data reveal that CD NOS1 is a critical component of the ET-1-mediated inhibition of ENaC P o . Third, deletion of CD NOS1 does not affect renal ET-1 production or ET receptor expression. We provide a hypothetical working scheme (Fig. 6 ) of these findings.
These data provide evidence for a novel negative feedback loop to promote natriuresis during acute high shear conditions that are associated with increased tubular flow. This increase in fluid flow along the renal epithelium results in a 10-fold increase in shear stress-mediated NO production yet the mechanism of this increase in NO production was undetermined (6) . We present here that in static conditions, the majority (ϳ80%) of the NO is derived from NOS1. However, during an increase in shear stress, NOS1 as well as NOS3 significantly contribute to the NO production. We found that isolated IMCD from CDNOS1KO mice produce ϳ70% less NO than the IMCD from flox control mice under basal conditions (10) . Furthermore, urinary NOx excretion (the metabolites of NO) was ϳ60% lower in the CDNOS1KO mouse on both normal-and high-salt diets (10) . Taken together with our current findings, these data suggest that NOS1 is the predominant contributor to NO production in the CD and a small but significant portion is also derived from NOS3. Yet, although NOS3 is active, it apparently does not compensate for the loss of NOS1 in the CD in the CDNOS1KO mouse. Under static conditions, ET-1 stimulates NO production in the IMCD (11, 34) . Lyon-Roberts et al. (22) recently reported that shear stress increases ET-1 in the CCD and here we present that inhibition of the ET B receptor significantly attenuates the shear stress-induced NO production in the IMCD. These data indicate that the ET-1/ET B /NO signaling cascade would promote natriuresis and diuresis in the CD under high shear conditions. In addition, shear stress was determined to increase ENaC P o and sodium reabsorption in perfused CCDs (24) and if sodium transport is not inhibited, 80 -96% of the delivered sodium may be reabsorbed (7) . The sodium reabsorption via ENaC during increased shear stress is an important, and likely initial step in the cascade leading to natriuresis. Shear stress-induced increases in ET-1 in the CCD were determined to be dependent on ENaC and on the mitochondrial sodium-calcium exchanger (27) , suggesting that increases in intracellular sodium are integral in stimulating ET-1 production. Here, we present that in the IMCD, shear stress-induced NO production is also mediated via ENaC, but only under high shear stress. When cells were subjected to lower shear stress (3 dyn/cm 2 ), there was a significant increase in ENaC-independent NO production. Thus, we propose that during high shear stress states, ENaC activation leads to stimulation of the ET B /NOS pathways. The stimulated ET B /NOS pathway leads to an increase in NO and closes the feedback loop to inhibit ENaC P o promoting sodium excretion (Fig. 6) .
Previous studies determined that exogenous NO inhibits sodium (33) and chloride (28) flux in the CCD via an amiloride-or benzamil-sensitive channel. These data are consistent with the hypothesis that NO inhibits ENaC-dependent sodium reabsorption. Moreover, the NOS isoform putatively involved in the inhibition of ENaC has not been identified. Our CDNOS1KO mouse is a novel model that presents with reduced urinary NOx excretion on normal-sodium diets and similar blood pressure to flox control mice (14) . To determine whether CD NOS1 regulates ENaC, we determined resting ENaC activity and the response of ENaC to acute ET-1 treatment in CDNOS1KO and flox control mice using patchclamp electrophysiology. ET-1 inhibits the P o of ENaC in wild-type mice (5) and this is mediated via the ET B receptor (4) . Basal activity of ENaC was not different between flox control and CDNOS1KO mice, suggesting that there is little effect of NOS1 on resting ENaC activity. In response to acute ET-1, flox control mice significantly reduced ENaC P o as expected; however, CDNOS1KO mice were unresponsive to ET-1 and ENaC activity was maintained. Taken together, these data suggest that in states of elevated ET-1 production and/or ET B receptor stimulation ENaC P o is reduced via a NOS1-dependent mechanism. With an increase in acute high shear stress, ENaC in the apical membrane of the collecting duct initially leads to the stimulation of ET-1 and the ETB receptor resulting in an increase in NO via NOS1. There is also a small but significant increase in NOS3-derived NO; however, it is the NOS1-derived NO that acts in a negative feedback loop to decrease ENaC Po and promotes natriuresis. The downstream targets of NOS3-derived NO remain to be elucidated.
In the endothelium, NO appears to inhibit ET-1 production (2, 16, 26, 29) . We reasoned then that genetic deletion of NOS1 from the CD may result in an altered renal ET-1 system. Although CDNOS1KO mice have reduced urinary NOx and CD NO production compared with flox control mice (10), the CDNOS1KO mice excrete similar levels of urinary ET-1 and have similar medullary ET receptor profiles (both mRNA and protein levels). Thus, we conclude that CD NOS1 most likely does not regulate ET-1 production or ET receptor expression. Additionally, these data indicate that the unresponsiveness to acute ET-1 treatment on ENaC P o in the CDNOS1KO mouse was not because of diminished ET B receptor expression.
One potential paradox to our study is the fact that ENaC is highly expressed in the CCD while ET-1 and NO are highly produced by the IMCD. ET-1 (22, 27) and NOS1 are expressed in the CCD (10, 15) . In the IMCD, ENaC subunits are expressed (9) and amiloride inhibits sodium reabsorption in the IMCD as determined by in vivo microcatheterization of the IMCD (32, 36) . Thus, there is overlap among the paracrine and ENaC systems along the length of the CD. Finally, NO has been shown to inhibit amiloride-sensitive sodium flux (presumably ENaC dependent) in the CCD (33) .
In conclusion, we propose the following model of ENaC negative feedback regulation based on data from the published literature and the data from this study (Fig. 6) . With an increase in acute, high shear stress across the CD epithelium, there is an increase in sodium delivery (7) and sodium reabsorption via ENaC (24) . If ENaC remains open, then 80 -96% of the sodium delivered will be reabsorbed (7) . In times where excess sodium must be excreted to maintain balance, it is critical that ENaC P o be decreased. This can be accomplished by increases in ET-1 (27) and activation of the ET B receptor, which stimulates NOS1-mediated NO, and in turn decreases ENaC P o promoting natriuresis. Thus, NOS1 is critical for fluid-electrolyte balance through direct actions on CD ion transport/channel activity.
